The cause of acute aortic dissection continues to be debated. One school of thought suggests that underlying aortic medial cystic necrosis is the common denominator. The purpose of the present study was to determine if there was loss and, if so, how much loss of medial elastic fibers in the ascending aorta in patients with acute aortic dissection with the entrance tear in the ascending aorta. We examined operatively excised ascending aortas in 69 patients having acute dissection with tears in the ascending aorta. Patients with previous aortotomy, healed dissection, and connective tissue disorders were excluded. The 69 patients' ages ranged from 31 to 88 years (mean 56); 49 were men and 20 were women. Loss of aortic medial elastic fibers was graded as 0 (no loss), 1؉ (trace), 2؉ (mild), 3؉ (moderate), and 4؉ (full thickness loss). Of these 69 patients, 56 (82%) had 0 or 1؉ elastic fiber loss; 13 patients (18%), 2؉ to 4؉ loss including 4 with 2؉, 6 with 3؉, and 2 with 4؉. Nearly all patients (97%) had a history of systemic hypertension and/or had received antihypertensive drug therapy. In conclusion, most patients (82% in this study) having acute aortic dissection with entrance tears in the ascending aorta have normal numbers or only trace loss of aortic medial elastic fibers. Thus, underlying abnormal ascending aortic structure uncommonly precedes acute dissection.
Numerous publications have appeared in the last 50 years describing operative procedures and their results in patients having operative therapy for acute dissection involving the ascending aorta. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Far fewer studies have been published on results of examination of the operatively resected portion of the ascending aorta. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] The present report focuses on aortic medial elastic-fiber structure in 69 patients having portions of the ascending aorta operatively resected because of acute dissection involving the ascending aorta with or without involvement of other portions of the aorta.
Methods
Surgical pathology files of the cardiovascular laboratory-a part of the pathology department of Baylor University Medical Center at Dallas-were searched for patients having operatively resected portions of the ascending aorta with or without excision or repair of the aortic valve for acute dissection involving the ascending aorta with or without involvement of other portions of aorta. From May 1994 through June 2010, a period of 194 months (16.2 years), 119 specimens labeled as aortic dissection were received in the surgical pathology section and each was examined and described by 1 of us (W.C.R.). After the examination and description of the submitted specimen, histologic sections of all aortas were prepared: Ն1 paraffin section was stained by the Movat method. 22 All histologic sections were examined initially by W.C.R. to prepare the surgical pathology report and later, all together, as part of the present report. Total lengths (centimeters) of the sections of the aorta on each Movat-stained slide were measured and recorded.
Degree of loss of elastic fibers in the aortic media from examination of the Movat-stained slides was graded 0 to 4ϩ; grade 0 or 1ϩ represented no loss or minimal loss or mild fragmentation of elastic fibers; grade 4 represented complete loss of elastic fibers in some full-thickness portions of media; grades 2 and 3 were intermediate ( Figure 1 ).
Ascending aortas in 19 necropsy cases were selected to serve as controls for this study. None had cardiac valve disease or dilated ascending aortas. The 19 ranged in age from 28 to 82 years (mean 61); 10 were women and 9 were men. Twelve had died from cardiac causes (coronary artery disease events in 10, amyloidosis in 1, and lymphocytic myocarditis in 1) and 7 from noncardiac and nonvascular causes. Sections of ascending aorta perpendicular and parallel to the long axis were prepared from each control subject. In each of the 19 cases, 1 section was stained by hematoxylin and eosin, another by Movat stain, and another by elastic-van Gieson methods. Lengths of the aorta examined histologically were measured in centimeters.
Clinical records including admission note and/or discharge summary, echocardiographic and cardiac catheterization reports, and operative records were sought from all patients' medical charts and/or from the Baylor University Medical Center Apollo cardiovascular database (Apollo Advance C/S 4.2.13, LUMEDX Corp., Oakland, California).
Included in the present study were 69 patients who had resection of portions of the ascending aorta and initiating tears in the ascending aorta. Excluded from this study were 50 patients: 5 who had an acute aortic dissection in the operating room at the time of coronary artery bypass grafting or aortic valve replacement; 4 patients who had acute dissection involving the ascending aorta late postoperatively after coronary artery bypass grafting and/or aortic valve replacement; 6 patients who had a tear in the descending thoracic aorta (isthmic area) and acute retrograde dissection of the ascending aorta; and 35 patients who had healed (chronic) aortic dissection irrespective of the location of the initial aortic entrance site, including 20 patients who had a previous aortotomy of the ascending aorta. Also excluded were patients with genetically mediated conditions such as Marfan syndrome and Loeys-Dietz syndrome. None of the 69 patients included in the present study had a previous aortotomy, and all had dissection entrance sites in the ascending aorta and dissection afterward with operative resection of portions of the ascending aorta.
Descriptive statistics (percentage, mean Ϯ SD) were used to describe patients included in the study. A Cox proportional hazards model (without covariates) was used to assess the unadjusted association of loss of medial elastic fibers (2ϩ, 3ϩ, or 4ϩ) and mortality. Unadjusted survival curves and survival estimates were computed using the Kaplan-Meier method.
This study was approved by the institutional review board at Baylor University Medical Center. 
Results
Findings in the 69 patients are presented in Table 1 . Qualitative comparison of degree of loss of medial elastic fibers at the initial examination of the Movat-stained sections to the re-examination of the Movat-stained sections showed only minimal discrepancies: some cases called normal at the initial examination were occasionally called 1ϩ on re-examination or vice-versa; sections classified as 2ϩ or 3ϩ or 4ϩ initially were classified similarly on re-examination. Photomicrographs of typical acute dissection are shown in Figure 2 .
Examination of Movat-stained and elastic-van Giesonstained sections of aorta in the 19 control subjects disclosed no discrepancies in degree of medial elastic fiber loss or lack thereof between the 2 stains in any subject. Degree of elastic fiber loss in all 19 control subjects was zero or 1ϩ. Specifically, no subject had 2ϩ, 3ϩ, or 4ϩ elastic fiber loss. Lengths of ascending aorta examined from the Movatstained sections ranged from 4 to 16 cm (mean 10).
At the time of the operation the mean age of the 49 men was 53 years and that of the 20 women was 64 years (Table   Table 1 Characteristics of patients with acute aortic dissection with tears in ascending aorta Only 1 of the 69 patients was documented to have atherosclerotic coronary artery narrowing. Seven patients, however, had coronary bypass, 6 because of dissection or tears involving the origin of the right (5 patients) or left main (1 patient) coronary artery. The aortic valve was replaced in 27 patients (39%) and "repaired" in another 22 patients (32%). At least 5 patients were described at operation or by the surgical pathologist (W.C.R.) as having congenitally bicuspid aortic valves. The operatively excised 3-cuspid valves (13 patients) weighed 0.38 to 0.93 g (mean 0.62), and the congenitally bicuspid valves (4 patients) weighed from 0.53 to 1.75 g (mean 1.14). The aortic valve was replaced with a bioprosthesis in 3 patients, a mechanical prosthesis in 19, and a homograft in 5 patients (Table 2) .
Operatively excised aortas ranged in weight from 0.4 to 59 g (mean 17, median 14) and in 50 patients (76%) weighed Ͼ10 g. Lengths of ascending aorta examined in the Movat-stained slides (those stained for elastic fibers) ranged from 4 to 21 cm (mean 11, median 12). Losses of elastic fibers in the media of sections of ascending aorta were 0 (24 patients, 35%), 1ϩ (32 patients, 46%), 2ϩ (5 patients, 7%), 3ϩ (6 patients, 9%), and 4ϩ (2 patients, 3%). Atherosclerotic plaques were present in the ascending aorta in 9 patients (13%). Of the 5 patients with bicuspid aortic valves, aortic medial elastic fiber loss was 0 in 1, 1ϩ in 2, and 3ϩ in 2. A typical example of aortic dissection is shown in Figure 2 .
Unadjusted association between loss of medial elastic fibers and mortality was not significant (hazard ratio 0.95, 95% confidence interval 0.39 to 2.34, log-rank p ϭ 0.91). Survival curves are shown in Figure 3 . Survival was assessed by the Social Security Death Index.
Discussion
The present study focused on 69 patients who had acute aortic dissection with entrance tears in the ascending aorta and operative resection of a portion of ascending aorta with or without replacement or repair of the native aortic valve. The purpose was to determine if the elastic fiber structure of the media of the ascending aorta was normal or abnormal. Examination of 4 to 21 cm (mean 12) of aorta stained for elastic fibers (Movat stain) showed that 56 of the 69 patients (81%) had normal or nearly normal numbers of medial elastic fibers and that only 13 (19%) had focal loss (2ϩ to 4ϩ) of medial elastic fibers. The 2ϩ to 4ϩ losses of elastic fibers are considered changes greater than that expected by aging alone. 13 Why did the study of histologic sections of ascending aorta focus only on medial elastic fibers when the wall of the ascending aorta also contains smooth muscle cells, collagen, and some mucoid material? The reason is that examination of the elastic fiber structure is easily discernible and interpretation is highly reproducible. Grading of degree of medial elastic fiber loss when examined initially (when preparing the surgical pathology report) and then again altogether when re-examining sections for the present study showed no discordant interpretations. A few patients considered to have 0 elastic fiber loss initially were graded 1ϩ on re-examination and vice-versa; all cases graded 2ϩ, 3ϩ, or 4ϩ initially were graded similarly on re-examination. When medial elastic fibers are lost, it appears they are replaced by fibrous tissue and by small deposits of mucoid material, suggesting that medial elastic fibers serve as a good marker of other changes in the aortic media.
The phrases "idiopathic cystic medionecrosis," "cystic medionecrosis," or simply "medionecrosis" were first used by Erdheim 23, 24 in 1929 and subsequently have often been used to describe aortic medial histologic lesions in patients with acute aortic dissection. Indeed, there is a widely held perception that medial cystic necrosis is the chief predisposing cause of acute aortic dissection. However, as pointed out by Hirst and Gore, 12 Erdheim studied only 2 patients, describing the aorta histologically in meticulous detail, but each of his 2 patients had rupture of a nondissecting aneurysm of the ascending aorta, not aortic dissection! Erdheim's terms, as pointed out by Hirst and Gore, 12 Schlatmann and Becker, 13 and Roberts, 17 are not ideal because the terms are inappropriate: "cystic" refers to cysts, which are generally considered to have true linings (not so in the aortic media); "necrosis" is extremely difficult to determine but almost surely is the result, when it occurs, of intraluminal arterial pressure compressing the adjacent me- Figure 2 . Photomicrograph of a typical aortic dissection in a 57-year-old man. The tear was in the ascending aorta and the dissection traveled retrograde into the aorta behind the sinuses of Valsalva and anterograde to the common iliac arteries. The true lumen (TC) (left) and the false channel (FC) (right) are visible. The dissection is located in the very outer media. The black-staining medial elastic fibers are few in number in the outer wall of the false channel. Because the outer wall is so much thinner than the partition of media between the true lumen and false channel, rupture exteriorly is very common but rupture of the false channel back into the true lumen is very rare. Medial elastic fiber loss in this patient was graded 1ϩ/4ϩ (Movat stain, 100ϫ).
dia-something occurring after, not before, acute dissection. We believe that focusing on medial elastic fibers alone provides the most accurate and reproducible description of the aortic media in patients with acute aortic dissection, and that the phrase "cystic medionecrosis," as emphasized by Schlatmann and Becker, 14 should be abandoned and no longer used to indicate a pathologic condition that underlies acute aortic dissection.
A near universal finding in our 69 patients was systemic hypertension: by history in 92% (59/64), by antihypertensive therapy in 70% (40/57), and by history and/or antihypertensive therapy in 97% (64/66). Many others, of course, have emphasized the frequency of systemic hypertension in patients with acute aortic dissection. [25] [26] [27] [28] [29] Frequency of systemic hypertension increases as body weight increases 30 : 73% of the men (33/45) had BMI Ͼ25 kg/m 2 , including 36% whose BMI was Ͼ30 kg/m 2 ; 58% of the women (11/19) had BMI Ͼ25 kg/m 2 , including 21% whose BMI was Ͼ30 kg/m 2 . African-Americans have a higher frequency of systemic hypertension than do European-Americans 31 : there was a larger percentage of African-Americans in our study than are present in the general population (25% vs 13%). Certain activities that cause a sudden increase in systemic arterial pressure have precipitated acute aortic dissection, e.g., cocaine inhalation. 32 As pointed out by Carlson et al, 33 the incidence of cystic medial necrosis (basophilic discoloration of hematoxylin-eosin stains, medial cysts, elastic fiber interruption with or without "retraction") of the ascending aorta is higher in hypertensive than normotensive subjects of comparable ages.
Patients with congenitally bicuspid aortic valves have a higher frequency of aortic dissection with tears in the ascending aorta than do patients with tricuspid aortic valves 34 : Ն9% of our patients (5/56) had congenitally bicuspid valves: loss of medial elastic fibers in them was 0 in 1, 1ϩ in 2, and 3ϩ in 2 patients. The bicuspid valves were heavier than the tricuspid valves (mean 1.14 vs 0.62 g).
Acute aortic dissection generally occurs in patients younger than those with acute coronary syndrome. [25] [26] [27] [28] [29] In 1 large study the average age of death in men from coronary heart disease not treated by revascularization was 61 years and that in women was 71 years. 35 In contrast, in our 69 dissection patients, mean age at operation in the 49 men was 53 years and that in the 20 women was 64 years. Had not the operative procedure been performed, death almost certainly would have rapidly followed.
Atherosclerosis appears to be unrelated to acute aortic dissection. 36 Only 9 of our patients had atherosclerotic plaques in the ascending aorta and in each the plaques were small. In addition, atherosclerotic narrowing of Ն1 major coronary artery was documented in only 1 of our 69 patients.
The positive features of the present study are the following: (1) all histologic sections were examined and medial elastic fiber loss graded initially for the surgical pathology report and later all together by the same investigator (W.C.R.); (2) lengths of the ascending aorta examined histologically were recorded for the first time in dissection patients; (3) reproducibility of the histologic grading system was nearly 100%; (4) weights of resected portions of dissected ascending aorta were recorded for the first time; (5) weights of operatively excised valves were recorded; (6) data on BMI were recorded; and (7) a relatively long follow-up after operative treatment was available.
The present study has limitations: (1) although preoperative computed tomography was performed in many patients (65%), most were performed at the referring hospital and the results-other than the presence of aortic dissection-of most are not known to us; (2) different quantities of aorta were available for examination, although Ն4 cm of aorta was examined histologically in all patients; and (3) aortic valve structure (unicuspid, bicuspid, tricuspid) was not known in 19% of patients (it was known in 81% of patients.). AV ϭ aortic valve; AVR ϭ aortic valve replacement. Figure 3 . Unadjusted (Kaplan-Meier) curves depicting long-term survival by loss of medial elastic fiber. CL ϭ confidence limit; NA ϭ not available.
